Objectives-To identify risk factors for injuries and other health problems occurring during or immediately after participation in a marathon. Methods-A prospective cohort study was undertaken of participants in the 1993 Auckland Citibank marathon. Demographic data, information on running experience, training and injuries, and information on other lifestyle factors were obtained from participants before the race using an interviewer-administered questionnaire. Information on injuries and other health problems sustained during or immediately after the marathon were obtained by a self administered questionnaire. Logistic regression analyses were undertaken to identify significant risk factors for health problems. Results-This study, one of only a few controlled epidemiological studies that have been undertaken of running injuries, has identified a number of risk factors for injuries and other health problems sustained in a marathon. Men were at increased risk of hamstring and calf problems, whereas women were at increased risk of hip problems. Participation in a marathon for the first time, participation in other sports, illness in the two weeks before the marathon, current use of medication, and drinking alcohol once a month or more, were associated with increased self reported risks of problems. While increased training seemed to increase the risk of front thigh and hamstring problems, it may decrease the risk of knee problems. There are significant but complex relations between age and risk of injury or health problem. Conclusions-This study has identified certain high risk subjects and risk factors for injuries and other health problems sustained in a marathon. In particular, subjects who have recently been unwell or are taking medication should weigh up carefully the pros and cons of participating. (Br J Sports Med 1999;33:22-26) 
Running has for some years been promoted as a healthy activity and provides a means by which subjects may achieve the minimum levels of physical activity recommended in the US surgeon general's report of physical activity. 1 However, it is well documented that injuries and other health problems due to running are not uncommon, particularly for those taking part in marathon running. [2] [3] [4] [5] [6] [7] To date, most studies on running injuries have been descriptive, and as a consequence little information is available about potentially modifiable risk and protective factors. [8] [9] [10] This paper reports the findings from a cohort study in which baseline information on potential risks for injury, obtained from runners before their participation in the 1993 Auckland Citibank marathon, was linked to information on the occurrence of injuries and other constitutional problems during or immediately after the marathon.
Methods
All subjects planning to participate in the 1993 Auckland Citibank marathon (entrants) completed a pre-registration form. This form sought information on the individual's name, sex, age, previous best marathon time, and goal time for the Auckland marathon. Unique race numbers were assigned by race organisers to each entrant. Subjects were then requested to register and collect their race packs during the two days before the marathon. At registration, each entrant was invited to participate in the study, to sign a consent form agreeing to their participation, and to complete a pre-race questionnaire administered by an interviewer. This questionnaire sought information about the participant's height and weight (enabling the calculation of body mass index); previous running experience and training patterns (including whether they regularly stretched and warmed up before running); their participation in other sports (cycling, swimming, and aerobics); previous injuries and, in particular, injuries or illnesses that might have aVected their pre-marathon training; their current use of anti-inflammatory, anti-asthma, or antihypertensive drugs; and their current smoking and alcohol use.
Information was collected on all injuries and other health problems sustained by runners who attended the medical aid posts which were placed along the race and at the finish line. Additionally, in the week after the race, all entrants were mailed a further questionnaire. In the post-race questionnaire, participants were asked about any constitutional health problems, such as light-headedness, nausea, diarrhoea, stomach problems, and chills. They were then asked about specific health problems using a matrix of 13 body sites and 11 problem types. This information was sought, firstly, for injuries and health problems sustained either during or immediately after the marathon, and, secondly, for those sustained in the seven days after the marathon. A stamped addressed return envelope was provided. Those not returning the post-race questionnaire within two weeks were sent another. Residual nonresponders were then contacted by telephone and asked whether they would either return the completed questionnaire or complete the questionnaire by telephone at that time. Race entrants who had not completed the pre-race questionnaire and consent form were also sent these for completion with the post-race questionnaire.
Data entry and analyses were made with Epi Info version 5 and SAS version 6.10 for Windows. Logistic regression models were used to estimate the eVects of each of the demographic, running, and other lifestyle prerace factors on whether an entrant sustained any constitutional problems during or immediately after the race. 11 The generalised estimating equations (GEE) approach of Liang and Zeger for binary outcomes, in particular the SAS/IML macro GEE (Karim and Zeger), was used to model the data on specific health outcomes, using the same demographic, running, and other lifestyle pre-race factors. 12 Models were developed for the three most commonly reported topical problems (blisters, chaYng, abrasions) and the five most commonly reported musculoskeletal sites (front thigh, hamstring, hip, knee, calf) for which subjects reported either stiVness, pain or both. Two tailed p values and odds ratios (OR), with 95% confidence intervals (CI), where appropriate, were calculated from these models.
This study was undertaken with the approval of the University of Auckland human subjects ethics committee.
Results
The race was run in near perfect conditions with minimum and maximum temperatures of 11.9°and 17.2°C with an average humidity of 63%. Of the 1357 entrants, 1219 (89.8%) are known to have started, 120 did not start, and the status of the remaining 18 is unknown (10 of whom were overseas entrants). Of those who are known to have started, 1185 (97.2%) finished, 31 did not finish, and the status of three is unknown. The number of known starters who responded to the pre-race questionnaire was 1054, a response rate of 86.5%. The number of starters who also responded to the post-race questionnaire was 916, a response rate of 75.1%. A comparison of the age, sex, and finish times of starters who completed both surveys compared with starters who did not, showed no significant diVerences (p>0.05). Full data were available for 875 subjects.
Constitutional problems were sustained by 208 (23.8%) respondents during or immediately after the race. Further details on the types of problems sustained have been reported previously. 7 Decreased risks of constitutional problems were associated with increasing age, with significant decreases in risk observed for those aged 35-39 (OR 0.43; 95% CI 0.21 to 0.87) and for those aged 40 or older (OR 0.43; 95% CI 0.22 to 0.85) compared with those aged less than 25. Increased risks were associated with being unwell in the previous two weeks (OR 1.74; 95% CI 1.19 to 2.56) (table 1).
Blisters were reported by 345 (39.4%) subjects and were shown to be positively associated with drinking alcohol once a month or more, but negatively associated with smoking (p<0.05) (table 2). While 140 entrants (16.0%) reported chaYng and 13 (1.5%) reported abrasions there were no significant associations identified.
Specific health problems were sustained by 846 (92.4%) respondents. Further details on the types of problems sustained have been reported previously. 7 StiVness or pain, or both, in the front thigh was reported by 526 (60.1%) subjects and was shown to be positively associated with participation in cycling, increased number of days for each week of training, and with drinking alcohol once a month or more (table 3 ). An inverted-U relation was found between age and risk of hamstring injury, with increased risks only in those aged 30-34 (OR 1.83, 95% CI 1.04 to 3.22). StiVness or pain, or both, in the hamstring was reported by 212 (24.2%) subjects and was shown to be positively associated with being male, with participation in a marathon for the first time, increasing kilometres run each week, and with participation in aerobics (p<0.05) (table 3) .
StiVness or pain in the hip, or both, was reported by 124 (14.2%) subjects. Women were 1.88 times more likely to report such problems than men (95% CI 1.15 to 3.06).
StiVness or pain in the knee, or both, was reported by 224 (25.6%) subjects and was shown to be positively associated with participation in a marathon for the first time, with current medication use, and with lower levels of training, defined in terms of kilometres run each week in the period leading up to but not including the two weeks before the marathon (p<0.05) (table 3) .
StiVness or pain in the calf, or both, was reported by 396 (45.3%) subjects and was shown to be positively associated with being male and with being unwell in the last two weeks before the race (p<0.05) (table 3). Decreased risk of calf injury was found in those aged 30-34 and those aged 40 or older.
For three of the potential risk factors investigated, no significant associations were found with injuries or health problems. Previous injury, particularly to the lower half of the body and serious enough to prevent an individual from training for at least five days, was not associated with increased risks of injury. Warm up and stretching before training and races was not associated with either significant increases or decreases in risk of injury. There were no significant relations found between body mass index and injury or health problems.
Discussion
This study, one of only a few controlled epidemiological studies that have been undertaken of running injuries, identified a number of risk factors for injuries and other health problems sustained in a marathon. Men are at higher risk of hamstring and calf problems than women, whereas women are at higher risk of hip problems than men. Participation in a marathon for the first time, participation in other sports, illness in the two weeks before the marathon, current use of medication, and drinking alcohol once a month or more, appear to be associated with increased self reported risks of problems. Increased training, however, seems to increase the risk of front thigh and hamstring problems, and it may decrease the risk of knee problems. There are significant but complex relations between age and risk of injury or health problem. The use of a robust study design-that is, a cohort study, strengthens the findings from this study, particularly compared with findings from case reports or case series. Additionally, the collection of data on risk factors before participants ran in the marathon minimised the potential for information or recall bias. However, the study does have some weaknesses, which suggests the need for caution in interpreting the study findings. Data on both risk factors and outcomes were self reported and thus may not be completely reliable and valid, but the nature of any bias that may be introduced as a consequence is uncertain. Although data on a wide range of potential risk factors for marathon injuries were included in the analyses, confounding may explain some of the relations that were found. This may be particularly true for those associations for which there seems to be no obvious biological or plausible explanation-for example, the apparently protective association between smoking and blisters.
Previous reviews of the literature on running injuries have consistently reported that sex and age are not risk factors for such injuries. 8 In contrast, this study found definite diVerences between the sexes in the incidence of specific injuries and identified interesting and complex relations between age and injury. There is an inverted-U shaped relation between age and front thigh injury, in that injury is less likely to occur in the younger and older respondents. The lower incidence in younger respondents, who are relatively fewer in number, may reflect that it is only well conditioned young athletes who choose to attempt marathons. Conversely, the lower incidence in older athletes may represent a survival phenomenon, where if an athlete is still running at an older age it is because they have "survived" the injuries that cause many runners to leave the sport. The reduction in risk of constitutional problems and calf problems with increased age may be explained by a similar survival mechanism.
Running distance, running frequency, and running experience may influence the risk of running injuries. A positive association between running injuries and weekly running distance has previously been reported, 13 and our findings support an association between increasing frequency and or distance of training with hamstring and front thigh injuries. However, the finding that increasing running distance protected against knee injury indicates that the relation between running distance and risk of injury may not be simple and that there may be a fine balance between overuse and underconditioning among long distance runners. Previous studies have reported a negative association between running injuries and running experience. 8 This finding is supported in our research, as those who had previously not run a marathon were at more than 50% increased risk of injury.
Cross training, stretching, and warm up have been suggested as conferring benefits, including a reduced risk of injury. 14 15 We found no evidence in support of the last two activities in our study, but regular involvement in other sports, such as cycling, swimming, and aerobics, was associated with an increased risk of injury and other health problems. The reason for this is not known, but two hypotheses are suggested. The first, is that some of those athletes regularly taking part in other sports may be doing so because running injuries, either past or current, limited their running so they started cross training-they may thus be predisposed to further running injury. The second hypothesis is that these activities contribute towards a cumulative stress on the body, which makes injury more likely. Further research to identify the role of cross training is obviously required to confirm and elucidate these findings.
Previous injury has been identified consistently as a risk factor for further injury, 8 but the role of acute illness and current use of medication has not been reported. There was no evidence from our study that previous injury, particularly to the lower half of the body and serious enough to prevent the subjects from training for at least five days, was associated with an increased risk of injury. However, both recent illness and current medication use were associated with an increased risk of constitutional and musculoskeletal problems. These latter findings provide strong support for encouraging subjects with recent illness to ensure they are completely recovered before participating in a marathon.
The relation between lifestyle factors and risk of running injuries has not been well investigated in previous studies. Although associations between current alcohol consumption and the incidence of front thigh problems and blisters, and between current smoking and the incidence of blisters, were reported in our study, it is diYcult to suggest a plausible explanation for this.
The findings from this study suggest that strategies aimed at reducing risks of marathonrelated problems should focus particularly on encouraging subjects to weigh up carefully whether to participate in a marathon if they have recently been unwell or are currently taking medication. Further research is required to identify other training and lifestyle factors that might reduce the risks of such problems and to elucidate some of the relations observed in this study.
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Take home message
+ People participating in a marathon for the first time should be well prepared + People who have recently been unwell or are taking medication should reconsider their decision to participate + Athletes should avoid overtraining
